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Keratinocytes express Ia antigens in various skin disorders, 
although the biological role of these Ia antigen-bearing (Ia +) 
keratinocytes remains unclear. We induced Ia antigens on 
Pa m 212 murine kera tinocyte cell line by in terferon-y (IFN-y) 
and using these cells, we performed the mixed skin lym-
phocyte culture with syngeneic BALBI c or allogeneic 
C3H/He splenic T cells. Unexpectedly, Pam 212 cells were 
found to stimulate both syngeneic and allogeneic T cells 
irrespective of IFN-y treatment. However, both syngeneic 
and allogeneic T cells cultured with IFN-y-treated Pam 212 
cells incorporated [3H]thymidine much more actively than 
those cultured with IFN-y-untreated Pam 212 cells. This 
stimulation was not inhibited by monoclonal anti-I-Ad an-
I t has been demonstrated that keratinocytes [1-3), endothelial cells [4,5), fibroblasts [6), and intestin al epithelial cells [7], which normally lack Ia antigens, begin to express Ia antigens at inflammatory sites. Since these studies, several new lines . of evidence suggest that it is interferon-,), (IFN-')') produced 
by activated T cells at the inflammatory sites that leads 
to the induction of Ia antigen expression on a variety of adjacent 
cell types that do not normally ex press Ia antigens [8-12). 
Ever since Streilein (13J coined the term "skin-associated lym-
phoid tiss ues" (SALT) to describe the skin as an immunologic 
special environment containing Langerhans cells with their an-
ti gen-presen tin g properties and epidermotropic recirculating T-
lymphocyte subpopulations (holTling T lymphocytes), keratino-
cytes that may possibly function as immunocompetent cells have 
also begun to attract interest. This is because keratinocytes have 
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tibody . Analysis of the responding T cells demonstrated 
that the syngeneic T-cell stimulation by IFN-y-treated Pam 
212 cells occurred in both purified Lyt 1 - T cells and Lyt 
2 - T cells. Furthermore, we found that the T cells cultured 
with the IFN-y-treated cells were composed of two mor-
phologically different types of cells. Determination of their 
surface phenotype showed that the small cell population 
consisted of 57% Thy-1 +, 23% Lyt-1 +, 6% Lyt-2 +, and 
9% asialo-GM 1 + cells, while the large cells consisted of 
53% Thy-1 +, 15% Lyt-1 +, 9% Lyt-2 +, and 24% asialo-
GM1 + cells. These findings suggest that IFN-y-treated Pam 
212 cells could stimulate more than one kind of splenic T 
cell populations . ] Invest D ennato/ 89:560-566, 1987 
been demonstrated to perform macrophage-like functions, such 
as endocytosis and phagocytosis (14), production of epidermal 
thymocyte-activating factor (ETA F) (15,16] , and expression of 
Ia antigens [17,18] . Furth'ermore, Luger and coworkers [19,20] 
reported the keratinocyte production of epidermal cell-derived 
interleukin 3 and epidermal cell-derived natural killer cell-acti-
vating factor. 
Among various immunologic functions of keratinocytes, the 
function of Ia antigen-bearing (Ia +) keratinocytes has not been 
clarified yet. Although various kinds of normally Ia - cells express 
la antigens under the stimulation of IFN-,)" their ability to func-
tion as antigen-presenting cells is not the same among different 
cell types. Namely, IFN-,),-treated endothelial cells effectively 
perform antigen-presenting function, while fibroblasts do not 
[21]. It is not clear whether IFN-,),-trea ted keratinocytes carry out 
antigen-presenting function, although Nickoloff et al [22] rec-
ognized that attached human keratinocyte stimulated aIJogeneic 
peripheral blood mononuclear leukocytes weakly. 
Along with keratinocytes and melanocytes, epidermal cells usu-
ally contain Langerhans cells functioning as active accessory cells 
[23,24), and, in mice, Thy-l antigen-bearing dendritic cells, whose 
function is not yet elucidated [25-27). The presence of these im-
munocompetent cells makes it difficult to analyze the function of 
keratinocytes . Pam 212 cells share many characteristics of normal 
keratinocytes; they have pemphigus antigens, bullous pemphi-
goid anti gens [28), and produce ETAF (15). Thus, Pam 212 cells 
become a suitable cell model for analysis of the function of ke-
ratinocytes. In this study, we first induced la antigen expression 
on Pam 212 cells by IFN-,)" and then compared DNA synthesis 
of syngeneic or allogeneic T cells under the stimulation of the 
la + Pam 212 cells. 
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Table I. r3J-1]Th ymidine Uptake of C3 J-1 T Cells" in Mi xed 
Skin Lymphocyte C ulture With Pam 212 cellsb 
Exp 1 
IFN-y-treated PA M 2'12 ce lls 
4 X I O~ 8.1 84 ± 1,815 
2 X 1 0~ 25 ,504 ± 1,488 
1 X 10" 42,437 ± 2, 714 
5 X 103 41 ,663 ± 6,508 
2.5 x 103 24,432 ± 3,590 
IFN-y-untrea ted Pam 212 cells 
4 X 1 0~ 1 463 + 89 
2 X 1O~ 5:668 ; 1,688 
1 X \0" 9,842 ± 3,029 
5 X 103 13.329 ± 3.898 
2.5 X 103 13,781 ± 2,590 
N ylon-adherent ce lls 
2.5 X 105 19,596 ± 3,045 
Ra tio of m aximum stimul ation 
(I FN-y-trca tedl - LIn trea ted) 
3. 1 
Ex p 2 
n .d. 
57 ,230 ± 9,030 
26,653 ± 2,429 
13,792 ± 922 
n.d. 
n.d. 
6,389 ± 124 
9,333 ± 1,035 
18, 147 ± 2,868 
17,968 ± 2,686 
37,025 ± 3,208 
3.2 
Exp 3 
n.d. 
'18, 151 ± 1,130 
52,071 ± 6,965 
2 1 ,063 ± 1, 156 
n .d. 
n .d. 
6.017 ± 332 
9,316 ± 228 
15,048 ± 385 
n.d. 
13,907 ± 2,018 
3.5 
"2.5 X 105 C3 H/\-I e T cells were cullured with various nUlllbers o f Pam 212 o r 
IFN-y-trca led Palll 2 12 cells fo~ 5 days and 1"Hlth Ylllid ine incorporation was as-
sessed. 3H/ He T cells incorporated less Ihan 1.000 Cp lll of I' H Ilh ymi dinc. when 
Cu ltu red alone. 
· Pa m 2 12 cells were Irea ted with 100 U / ml reco mbinant IFN-y fo r 5 days (+) 
Or 1101 Irea led (-). 
n. d.: nOI performed. 
MATERIALS AND METHO DS 
Mice Specific-pathogen-free fem ale mice ofBALB /c and C3H/H e 
s tra in were supplied by the Animal Production Area o f T ohoku 
University Schoo l o f Medi cine (Sendai , Japan) . The mi ce were 8 
to 12 weeks o ld. 
Culture Medium RPMI 1640 (Grand Island Bio logica l Co., 
G ibco Ltd ., Paisley, Scotl and) containing 60 ~g/ml kanam ycin 
(M eiji Seika Co. Ltd ., Tokyo, Japan) supplemented with 10% 
h ea t-inactivated fetal ca lf serum (Filtron, Pty. Ltd . , Altona, Aus-
tra li a), 5 x 10 - 5 M 2-merca ptoethano l, 2 mM glutamine, and 
10 111M HEPES (Wako Pure Chemi ca l Industries, Ltd . , O saka, 
J a p an) was used fo r mi xed cu lture of Pam 212 epiderm al cells 
and lymphocytes. RPMI 1640 containing kanam ycin , g lutamine, 
and HE PES supplemented with 5% heat-inactivated fe tal calf 
serum was used fo r culture of Pam 212 cell line. 
Culture of Pam 212 Cell Line The newborn BALB/c mouse-
de ri ved Pam 212 cell line r28] was kindl y pro vided by Dr. Stuart 
H . Y uspa (Laborato ry of E xperimental Pathology, N ational In-
s titutes o f Health , Bethesda, M D) and was maintained in mono-
layer culture in the culture medium mentioned above in a hu-
midified incubato r with 5% CO2 air at 37°C 
To subculture the cells, they were first washed with phosphate-
buffered saline (PBS) (pH 7.3) and then trea ted w ith 0. 25 % tryp-
si n in PBS at 37°C for 5 min. After w ashin g the detached cells 
w ith the culture medium, thei r number was co unted using a 
he m ocytometer, and the viability w as assayed by trypan blue 
exclusion. 
Induction ofIa Antigen on Pam 212 Cells by IFN-y M ouse 
recombinant IFN-y from ESc!/eI';cil;n coli was kindl y prov ided by 
Shio nogi Seiyaku Co. Ltd . (O sa ka , Japan) . We seeded 3 x 105 
Pam 212 cells on 25-cm2 tissue culture flasks (Corning Glass Works, 
Co rnin g, NY) and cultured in culture medium supplem ented 
w ith va rious co ncentrations o f !FN-y. 
Fluorescence Labeling and Analysis by fluorescence-Ac-
tivated Cell Sorter At va rious times after culture of Pam 212 
cells, the cells w ere washed to rem ove nonattached cell s and the 
mon olayer w as trypsinized fo r 5 min usin g 0.25% trypsin and 
wash ed with culture medium . AJiquots o f 106 viab le cells were 
indirectly stained fo r 30 min on ice with 150 ~l of monoclonal 
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anti-I-A d antibody (lgG2a) (Meiji Institute of Hea lth Science, To-
kyo, Japan) at a 1 : 50 d ilu ti on of ascites fluid o r contro l unreactive 
IgG2a m onoclonal antibody. T he cell s were then washed three 
tim es w ith PBS and stained fo r 30 min on ice w ith 150 ~l of th e 
F(a b'h frac ti on of FITC-co njuga ted goa t anti-mouse immuno-
globulins (Tago In c., Burlinga me, C Al at a 1 : 30 dilution and 
was hed three tim es in PB S. After the fin al wash, the suspension 
was fi ltered through ga uze to remove any cell agg regates. Ten 
th ousand cells per assay were analyzed by passage through a 
flu o rescence-acti va ted cell sorter (FA CS analyzer, Becton-Dick-
inson). A cytoflu o rog ram was obtained fo r each sa mple, w ith 
flu o rescence intensity (l og units) being ex pressed on the x-ax is 
and cell num ber on th e I'-ax is. 
Responder T Cell Preparation Aseptica ll y removed spkms 
were teased in culture medium and spleen cells were isola ted by 
Fi co ll-I sopaque centri fuga ti on (the mi xture of Ficoll 400 [Phar-
macia AB , Uppsa la, Sweden] and Isopaque 400 [Torii & Co., 
Ltd ., Tokyo, Japan] ; specifi c g rav ity = 1.09) . T cell -enri ched 
popu lation was obtained after passage through nylon wool col-
umn , as described by Julius et aJ 129]. N ylon-adh erent cell s were 
recovered by teasing the nylon wool in co ld PBS . Purified T cell 
populations were obtained by treatin g T -cell-enriched popu lati on 
w ith anti-I-Ad monoclonal antibody (I gG2a) fo r BALB /c mi ce 
or anti-I- A k monoclonal antibody (IgG2a) (Meiji Institute of Hea lth 
Science, Tokyo, Japan) (1 : 50 dilu tion of ascites flui d) fo r C3H/ He 
mice fo r 30 min on ice, fo ll owed by 40-min incu bation with 
selected guinea pig complement at 37°C T hese procedures yielded 
more than 95% Thy-I-bea rin g cells as determin ed by cytotoxicity 
tes t . 
Isolation of T Cell Subsets Purified Lyt 1 - and Lyt 2 - cell 
populations were o btained by trea tin g nylon w ool-passed en-
riched T cell populati ons with a cocktail o f anti-I-A d and anti-
Lyt 1. 2 (Meiji In stitute o f Hea lth Science, Tok yo, J apan) or anti-
I_A d and Lyt 2.2 antibodies (Meiji Institute of Hea lth Science, 
T okyo, Japan) at a 1 : 50 di luti on of ascites flui d, respecti vely, for 
40 min on ice fo ll owed by suspension in I ml of a 1/ 10 dilution 
of guin ea pig complement fo r 45 min . T he res pecti ve percentage 
o f lys is obta ined w ith each cockta il of m onoclonal antibodi es plus 
co mplement, w hich was ca lculated fro m trypan blue dye exclu-
sion tests, was approximatel y 70% fo r anti-I-A d and anti-Lytl .2 
and 20% fo r anti-I-Ad and anti-Lyt 2.2 m onoclonal antibod ies . 
Stimulatory Cells As stimu lato r cell s, Pam 212 cells o r Pam 
212 cells cultured w ith 100 U/ ml IFN-y fo r 5 days were used 
after treatm ent with 60 ~g/m l mito m ycin-C (Kyouwa Hakko 
Kogyo Co. Ltd . , Tokyo, J apan) fo r 30 min . N ylon-adherent 
spleen cells fr0 111 BALB/c mice were also used after mitom ytih-C 
trea tm ent as a co ntro l. 
Mixed Culture of Pam 212 Cells and T -Lymphocytes and 
Assay of Lymphocyte DNA Synthesis Syngeneic stimu-
lation was assessed by cultu ring various numbers o f Pam 212 cell s 
o r IFN-y-trea ted Pa m 212 cells or nylon-adherent spleen cell s 
from BALBlc mi ce alone o r with 2.5 X 105 BALB/c T cells in 
96- well mi crotiter plates w ith fl at-bottomed we lls (N o. 3595,; 
Cos tar, Ca mbrid ge, MA) fo r 5 days. Allogeneic stimulati on was 
assessed by the stimu lato r cells menti oned above alone o r w ith 
2.5 X 205 C3H/ He T cells. Four hours befo re the end of th e 
incubati on, '] fJ.-C i of l3H]th ymid inc (83 C i/ mmol; Amersham 
International pIc., Buckinghamshi re, England) was added to th e 
cultures, and [3Hlthymidine inco rpo rati on was measurcd in a 
liquid scintillation counter. All the data were expressed as mea n 
cpm ± SD o f trip lica te cultures. Fur therm ore, the rati o of max -
imum stimulati on was ex pressed as maximum l3H] thymi dine up-
take by T cells stimulated w ith IFN-y-trea ted Pam 212 
cells/maximum r3H]th ymid ine uptake by T cells stimulated w ith 
IFN-y-untrea ted Pam 212 cells. r3H)T hy midine inco rporati on by 
C3H/ He T cell s o r by B ALBlc T cells was less than 1,000 cpm , 
w hen they were cultured alone. 
In syngeneic stimu lation, purified Ly t 1- or Lyt 2 - T cell subset 
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Figure 1. Cytofl uo rog raphs of Pam 2 12 ce ll s cu ltured wi th 100 U / m l IFN-y for va rio us time periods. Palll 212 ce ll s were stained w ith anti- I-Ad 
antibody and a F(ab'h fraction of FITC-conjugated anti-mouse immunoglobulin s step by step. Ten thousand cel ls per assay wen: analyzed by passage 
through a FACS analyzer. Cyroflu orographs of the cell s stained w ith anti- I-Ad antibody (lgG2a) (so lid line) compared w ith those of the cell s reacted 
w ith cont ro l unreacti ve mo noclonal antibody (lgG2a) (do tted line) are show n for each sa mple. 
ofBALJ3/c m o use spleen cells was used as respond er cells, namel y 
2.5 X 105 Lyt 1- or Lyt 2 - cells were cultured with various 
numbers of Pam 212 cell s or IFN-,),-trea ted Pam 212 cell s for 5 
days and 13 H]th ym idine in co rporati o n was assessed as m entioned 
above. I.1 H]Th Yl11idine incorpo ratio n by Lyt 1 - cells o r Lyt 2 -
cells was less than 1,000 cpm , when they were cultured alo ne. 
B locking of DNA Synthesis ofT Cells b y Monoclonal A n ti-
I-A d Antibody The ascites fluid co ntainin g monoclona l anti-
I-A'I ant ibody (lgG2a) o r unreactive IgG2a m o noclo nal antibody 
was added to the cul tures at a fin al concentrati on of 0.2% v/v at 
the initiat io n of the culture. 
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C u ltured With IFN-,),-T r ea ted Pam 212 Cells We cultured 
2.5 x 10(' BALB/c T cells w ith 2 X 105 IFN -,),- t reated Pam 212 
cells in 24-well plates (No. 143982; Nun c, K amstrup , Denmark). 
After 5 days culture, cyto fl uorog raphic analysis of p ro liferating 
cell s was performed o n a FACS ana lyze r by means of indirect 
immunofluo rescence with flu orescei n isothiocyanate (F ITC)-con-
jugated anti-mouse immunoglo bulins for anti-L yt 1.2 and anri-
Lyt 2.2, and w ith FITC- conju ga ted anti-rat immunoglobulins 
(Tago) for anti- L3T4 and anti - mo use IL 2 recep to r (7D4) (a g ift 
fro m Dr. T. Ito, Department of Anatomy, Tohoku Uni versity 
School of M edicine, Sendai, Japan) antibod ies and by m eans of 
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Figure 2. The effect of mo noclom l anti- I- Ad antibody on mi xed sk in lymphocyte culture of IFN-y- treated Pam 212 cell s and T cell s. M onoclonal 
anti- I-A " antibody (hatched bar) o r unreactive iso type monoclona l antibody (empty bar) was added to the cul ture. The culture was composed of: n, 
2 X 104 IFN-y-treated Pam 212 cell s and 2.5 x 105 BALB/c T cells; V, 1 X 104 IFN-y-treated Pam 212 ce ll s and 2.5 x 105 BALB/c T ce lls; c, 2 X 
104 IFN-y-treatcd Pam 212 ce ll s and 2.5 X 105 C3 H/ Hc T cells; d, 1 X 104 IFN-y-treated Pam 212 cel ls and 2.5 X 105 C3 H / He T cells; and (', 2.5 
X 105 nylon-adherent BALJ3/c sp leen cell s and 2.5 x 105 C3H / He T cell s. 
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Table II. [3H]Th ymidine Uptake of BA LB/c T Cell s" in 
Mi xed Skin Lymphocy te C ulture With Pam 212 Cells" 
Exp I 
IFN-y-trcatcd PAM 212 cells 
4 x 10· 2,444 ::': 86 1 
2 x 10· 5, 172 ::': 923 
1 x 10· 10,74 1 ::': 763 
5 x 103 10, 11 4 ::': 226 
2.5 x 103 6,733 ::': 1,681 
IFN-y-untrca ted Pam 212 cells 
4 X 10· 594 ::': 128 
2 x 10· 2,4 18 ::': 363 
1 x 10· 3,031 ::': 1,039 
5 X 103 3,383 ::': 1,913 
2.5 X 103 4,015 ::': 2,504 
Nylon-adherent ce lls 
2.5 X 105 3 16 ::': 192 
The ratio of maximull1 stimulation 
(I FN -y-trea ted/-un trca tcd) 
2.7 
Exp 2 
3, 16 1 ::': 86 1 
7,913 ::': 1,095 
10,6 17 ::': 1,059 
8,253 ::': 1, 117 
n.d. 
n.d . 
4,606 ::': 517 
5,571 ::': 486 
5,398 ::': 1, 855 
n.d. 
290 ::': 82 
1.9 
Exp 3 
n.d. 
4,46 1 ::': 1,243 
<), 137 ::': 743 
25,586 ::': 9,934 
n.d. 
n.d. 
1,238 ::': 168 
1,771 ::': 638 
6,259::': 1, 152 
4,971 ::': 3,547 
290 ::': 82 
4. I 
"2.5 x 105 llALB/c T cells were cultured with various numbers of Pam 212 o r 
IFN-y-trcated Pall1 212 cell s fo'r 5 days and IJHlth Yl1lidinc incorpora tion was as-
sessed. BALU/c T cells incorporated less tha n 1,000 cpm of IJl-llth ymidi nc, when 
cultured alone. 
· Pall1 212 cells were treated with 100 U/ml reco m binant IFN-y for 5 da ys (+) 
O r not treated (-). 
n.d.: no t performed. 
di['ec t immunoAuo rescence with FITC-conju ga ted rabbit anti-as i-
a lo-GMl antibody (kindl y provided by Dr. K. Kum agai, De-
panmcnt of Microbiology, Tohoku Uni versity School of Del1-
tist ry, Sendai , Japan) . Viable cells were collected fro m culrures 
b y nylon wool passage and incubated for 40 min at 4°C w ith 
different antibodies o r unreacti ve mouse monoclona l antibody. 
After 3 was hin gs w ith PBS , cells were subsequ en tl y incubated 
wi th a F(ab' h frac tion of FITC-conjuga ted goa t anti-mouse im-
m unoglobulins or FITC-conjugated goa t anti- rat immunoglob-
ulins (Tago) for an additi onal 40 min at 4°C. In direct immu-
nofluorescence, viable cells were only trea ted w ith FITC-conjugated 
anti-as ialo-GMl antibody . After washing, the freq uency and for-
wa['d scatter profile as well as the frequency and Auo rescence 
profile of the stained cells were established on a FACS analyzer. 
RES ULTS 
Induction of I_Ad Antigen by IFN-l' When Pam 212 cells 
were treated for 4 days with various concentrations (0, 10, 100, 
500, and 1000 U / ml) of IFN-l', approximatel y 25% of cells ex-
pressed I-Ad antigens at 100 U/ ml of IFN- l' o r more. Then Pam 
212 cells were ex posed to 100 U / ml of INF-l' for various time 
pe['iods (24, 48, 72, 96, and 120 h) . It was found that they began 
to ex press I_Ad antigens (25%) after 72 h of culture and that the 
percentage of I-A d-bea ring cell s continued to increase thereafter. 
Aft er 120 h of culture, 66% of cells were found to express I-Ad 
antigens (Fig 1) . 
Mixed Cell Culture of IFN-l'-Treated or -Untreated Pam 
212 Cells and C3H T Cells Because the IFN-l'-treated Pam 212 
cells expressed I_Ad antigens, their abili ty to stimulate allogeneic 
T cell DN A synthes is was examined in mixed cell culture con-
sis ting of 2.5 x 105 C3H T cells/well and various numbers of 
IFN-l'-treated or -untreated Pam 212 cells (Table I). The IFN-y-
t['eated Pam 212 cells stimulated all ogeneic T cel l DNA synthesis. 
Unexpected ly, however, the IFN-y-unrreated Pam 212 cells also 
stirrlLllated the allogeneic T cell D NA syn thesis . They stimulated 
the e HJth ym idine uptake of all ogeneic T cells to an ex tent similar 
to BALB /c nylon-adherent spleen cells. T he culture consisting of 
allogenic T cells and 1-2 x 104 IFN-y-treated Pam 212 cells or 
5 X 103 IFN-y-untrea ted Pam 212 cell s/well showed max imum 
[lH]thymidine uptake . The ratio between [3H]th ymidine uptake 
by T cells stimulated with the IFN-y-treated Pam 212 cells and 
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th at b y T cells stimulated w ith the IFN-l'-untreated Pam 212 cell s 
was approximately 3. 
Mixed Cell Culture of IFN-l'-Treated or -Untreated Pam 
212 Cells and BALB/c T Cells When syngenei c T ce lls were 
cultured with the IFN-l'-treated o r -untrea ted Pam 212 ce ll s, again 
there was stim ul ation ofi3H]th Ylllidine uptake in both cases (Ta-
ble 11 ). The maxi mum response was o bserved in the cul ture with 
5 X 103 - 1 X 10" Pam 212 cells/ wel l. Rega rdless of IFN-y 
treatment, more prom inent /3HJth ym idine up take was observed 
in th e mi xed culture of syngeneic T cells and Pam 212 cell s th an 
in the mi xed culture of BALB/c T cell s and BALB/c nylon-
ad herent spleen cells. T he ratio of max imum stimulation co m-
paring between maximum /3H]th Ylllidine uptake by T cells stim-
ul ated w ith IFN-y- treated Pam 212 cells and that by T cel ls stim-
ulated w ith the IFN-l'-untreated Pam 212 cell s ranged fr0111 2 to 
4. 
Blocking of DNA Synthesis of T Cells Stimulated With 
IFN-l'-Treated or - Untreated Pam 212 Cells by Monoclonal 
Anti-I-Ad Antibody M onoelonal anti-I-Ad antibody could not 
inhibit DNA synthesis of C3H T cell s stimu lated by th e IFN-l'-
tJ'eated or -untreated Pam 212 cell s, w hereas the sa me antibod y 
inhibited completely the allogeneic stimu lation of C3H T cells 
by BALB/c nylon ad herent spleen cell s. M onoclonal anti-I-Ad 
antibody also could not inhibit D NA synthesis ofBALBl c T cell s 
cul tured w ith th e IFN-y-treated o r -untreated Pam 212 cells. Since 
syngeneic mi xed lymphocyte culture of BALB/ c T cells and 
BALB/ c nylon adh erent spleen ce ll s did not induce D NA syn-
th esis, the observed effect of the monoclonal antibody in this 
culture sys tem was not cl ea r (Fig 2). 
Mixed Cell Culture of Pam 212 Cells or IFN-y-Treated Pam 
212 Cells With Purified T Cell Subsets Lyt 1 - cells o r Lyt 
2- cells puri fied from BALB/ c spleen cells were cultured with 
Pa m 212 cells or IFN-y-t rcated Pam 212 cells, and their 
/3H] thym idine in corporation was compared with th at of unfrac-
tionated BALB/c T cells (Table Ill ). Unexpectedly, no differencc 
in [3H/th ymidine inco rporation was found between Lyt 1 - , Lyt 
2 - , and T cells, w hen they were cultured w ith Pam 2 12 cell s and 
IFN-y-treatcd Pam 212 cells. When stimulated with the IFN-y-
treated Pam 212 cells, both Lyt 1 - and Lyt 2 - cell s inco rporated 
almost th e sa me amount of [3Hlth ym idine as un fractionated T 
cells. 
Smface Phenotype of Proliferating T Cells After 5 Days 
Culture With IFN-l'-Treated Pam 212 Cells When BALB/c 
T cells that were cultured wi th IFN-y-treated Pam 212 cells for 
5 days were viewed under phase-contras t microscope, two types 
of cells, small lymphoid cells and large round ce lls, were observed 
to proliferate on th e expa nding Pam 212 cell s (Fig 3). T he cell-
size profile using forward sca tter by FACS analyzer showed a big 
peak consisting of small cells that ranged fr0 111 50 to 120 in ar-
bitrary unit (a. u.) of forward sca tter and a li ttle peak consistin g 
ofla rge cells th at ranged from 130 to 220 a. u. (Fig 4). We analyzed 
th e phenotype of small cells ranging fro m 50 to 120 a.u. and that 
of large cells ranging fr0 111 130 to 220 a. u. Approx imately 50% 
of cells were fou nd to be Thy-1 + in both cell populations ; th e 
percentage of Lyt-l + cells in the small cell population was more 
th an that in th e large cell population , w hil e that of the as ialo-
GM 1 + celJs is less in the fo rm er population than that in the lat ter 
(Table IV). 
DISCUSSIO N 
Pam 212 cell s share man y characteristi cs with no rm al keratino-
cytes [17,28], and in this stud y we demonstrated that [hey could 
exp ress la anti gens under the stimulation of IFN-y as norma l 
keratinocytes. la + Pam 212 cel ls bega n to appea r 72 h after ex-
posure to IFN-y and increased in number, comprising approx i-
mately 60% of cells at 120 h. T hey do no t contain la + Langerhans 
cells (M . lij ima et aI, unpublished observa ti ons), although normal 
epidermal cells fr0111 mice usuall y contain la + Langerhans cells 
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Table III. 13HJTh y midin e In co rpo rati on of BALBlc T Cell Subse ts" Stimulated b y Pam 212 Cell s o r IFN-y-Treated 
Pam 212 Cell s/. 
Numbers of Pam 212 cells 
T ce ll subsets IFN-y . 2 x 10' I X 10' 
la ce ll s 
Lyt 1- cell s (Lyt I - Ia - ) 
Lyt 2- cel ls (Lyt 2 - 13- ) 
+ 
+ 
+ 
5,483 ± 1,478 
1,3 17 ± 206 
6.00 1 ± 2,00(' 
2,706 ± 834 
6.38 1 ± 1,6 13 
1,730 ± 24 1 
10.473 ± 447 
3,275 ± 886 
<).472 ± 1.076 
4.97 1 ± 6 12 
11 .052 ± 2.1l88 
3,593 ± 824 
12,265 ± 2,802 
4.957 :':: 187 
13.449 :':: 1.946 
6.2 16 ± 2.0 17 
14,547 ± 3.296 
7. 15 1 ± 177 
. "2.5 X IU' llALll /c T cells( Io - ). Lyt I or Lyt 2 - cells were cu ltured wi, h various num bers of Pam 2 12 or IFN- y-t rea!ed Pam 2 12 cdl s for 5 days and 1"H lthvmidine 
mcorpora!lon WJS assessed. Inco rporation of I.\H Ith ymidine by all T ce ll subsets was less than 1.000 cpm. w hen cu ltured alone. . 
"Pam 2 12 cells were treated wit h IOU U / m l recombi nant IFN-y fo r 5 days (+) or /l Ot !rcated ( - ). 
Figure 3. Phase-contras t mi croscopic view of pro li ferat ing cell s. 13ALB/c 
T cell s wcre cultured with IFN-y-t rea red Pam 2 12 ce ll s for 5 da ys. Sma ll 
lymphoid ce ll s and large rou nd ce ll s were pro li feratin g on expanded Pam 
212 ce lls. 
and Thy- I anti gen-bea ring dendritic cells . T he refo re, la '" Pam 
212 cells seem to present a suitable cell m odel fo r analys is of the 
functio n of la '" kera tin ocy tes . 
Ia antigens are repo rted to be indu ced in m an y kinds of cells 
by IFN-y. H oweve r, the fun ction of la anti gen induced 0 11 nor-
m all y fa - cell s is no t always clear. Ni cko loff e t al [22] dcmon-
mo. 
25 5 
o 
VOL 
25( 
Channel No 
F o r wo r d SCO ll er 
Figure 4. The fo rward scatte r and frequency profil e in FACS anal yzer. 
A large peak composed of small cell population and a small peak of large 
ce ll popula tIon arc recognI zed. Forwa rd scatter (log uni ts) is expressed 
on the x-ax is and ce ll number on the y-axis. 
st ra tcd that fa antigen-bea ring hum an keratin ocytes s timulated 
D NA synthesis of allogenei c peripheral blood m o no nu clea r cell s 
weak ly . H owever, it is not clear fro ll! their d ata w hether this 
sti mul atio n is related to antigen-presentin g fun cti o n of la + ke-
rat in ocytes, beca use inhibiti o n of thi s a ll ogenei c s timulati o n b y 
anti-I a an t ibody was not perform ed. In con t ras t, Czerni elerwski 
1301 and Yo neda e t al 131] fa iled to show an y ac ti ve proliferation 
of peripheral blood leukocytes w ith the stimulatio n b y la + kc-
rati nocytes as co mpared w ith that b y la - ke ratin ocy tcs . Our pres-
ent s tud y demonstrated th at la; Pam 212 cells stimulated DNA 
synthesis o f bo th sy ngeneic T cell s and a ll ogeneic T cells mu ch 
m o re effect ively than la - Pam 2 12 ce ll s. We think that this dis-
corda nce w ith the fi ndi ngs of other wo rkers res ults from the 
difference of the ex perim ental sys tem ; we used the m o use- p uri fied 
splenic T ce lls as respondin g ce lls, wh il e the auth o rs m en t io ned 
above used hun13n peripheral blood leuk ocy tes as the respondin g 
cells. Furthe rmore , we fo und that the st imulat io n of ON A syn-
thesis in these T ce lls was un able to be inhibited b y m o noclo nal 
ant i-I-A d antibo d y. T hi s m akes a sharp con t rast to the DNA 
sy nth esis o f T cel ls stimulated w ith all ogeneic n ylo n-adherent 
cell s that was co mpletely inhibited b y the sa me treatment. These 
find in gs sugges t that th e stimula tion of syngeneic and all ogeneic 
T cells b y la + Pam 212 cell s is unli kely to be du e to the antigen-
prescntin g fu nct io n of Pam 212 cell s, altho ug h we ca n not st ill 
negatc the possibility that Pam 212 cells m ay fun ction as antigen-
presenti ng cclls thro ug h I-E allti gens. 
Pam 2 '12 cells arc reported to prod uce epide rmal ce ll-der ived 
interleuki n 3 11 9 1 and keratinocyte T cell g rowth facto r (KTGF) 
132]. In te rl eu k in 3 indu ces continu o us proli feration of Th y-l + , 
Lyt 1 + splenic cells in B ALBlc mice 133] and KTGF also stim-
ul ates on ly I L 2 dependent T cell lin e with helper T pheno type 
[32]. T he stimulatio n of resting T cells w ith Pam 212 cells wi tho ut 
IFN-y t rea tm ent as observed in o ur stud y is suspected to be 
attributable at least partl y to the p rodu ctio n o f these factors from 
Pam 2 12 cells. Furthermo re, th e find ing that IFN-y-treated Pam 
212 cells s timulated D NA synthesis o f T cells m o re effectively 
th an th ose untrea ted b y IFN-y mi g ht be asc ribed to m ore vig -
o ro us pro du ctio n of them b y the fo rmer th an the latter. In fact , 
recent ly we found w ith four-fold concentrated culture supernatant 
o fIFN - y-treated Pam 2 ] 2 cells that it s timul ated sy ngeneic T cells 
m ax imally at the concentratio n of 12.5% (to be published in full 
e lsewhere) . 
U sin g purified T cell subsets, we fo und that both Ly t 1 - and 
Lyt 2 - cells could in corporate [3Hl th y midine in amounts simila r 
to that of unfrac tionated T cel ls w ith the s timulati o n of Pam 2 12 
cells, especia ll y with that of IFN-y-treated cells. The proliferating 
ce lls after 5 da ys culture with I FN-y-trea ted Pam 212 cells were 
co mposed of two m orpho logica ll y different cell population s, in-
clud ing a large number of Lyt 1 - and Lyt 2 - cells. Thi s find ing 
m ea ns th at most o f the [3HJth ymidine in co rpo ration of la - T , 
Lyt 1- , or Lyt 2 - cells in o ur stud y mi g ht result fro m the pro-
li ferat ion of these Lyt 1- and Lyt 2 - cells. It is also sugges ted 
that so m e facto rs o ther than epiderm al cell-deri ved interleukin 3 
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Table IV. IlllmunoAuorcscence An alys is o f BALB/c S plecn T C ell s After Mi xcd Skin Ly mph ocy tc C ulture With IFN-y-Trca tcd 
Pa m 2 12 C clls 
% Positi ve cells 
Cell population" Th y-I Lyt-1 U T4 Lyt-2 704 Asialo-G M1 
S m all cells 57.6 23.7 14.0 6.2 1.1 9. 2 
La rge cell s 53.3 15.8 13.2 9. 1 1.5 24.3 
' Small cells ore th e pCpublic n TO ngin g rrom SO [0 120 in orbitrory uni l (o .u .) of ro rw ord sco n cr ond brgc cdls ore th aI rang ing fro m 130 to 220 a. l.1 . 
o r KTG F mi g ht pb y a ro le in T cell s timul ati o n in th e mixcd 
s kin ly mph ocy te culture. The large pro liferatin g ce lls afte r 5 d ays 
c ulture w ith IFN-y-treated Pam 212 cells contain ed 24. 3% asialo -
G M1-bea rin g ce ll s [34 1. H cn ce, IFN-y-t rea ted Pa m 21 2 cells mig ht 
a ls o stimul ate the prolife ra ti o n o f natural ki ller ce lls, a lth o u g h w e 
h ave no t dete rmin ed na tural kill e r ce ll ac ti v ity in th e m ye t. 
In o ur stud y, m o re ac ti ve pro life ratio n o f the res po ndin g ly m-
phocy tes w as no t necessa ril y indu ced b y hi g her numbe rs o f Pam 
2 12cells o r I FN-y- trearcd Pam 2 12 ce lls. Ke ratinocy ~es \NeIT kn ow n 
t o produ ce pros taglandin E2 135], w hich inhibits T cel l pro life r-
a tion r36,37] . The re fo re: we think th at this inhibitory effect no ted 
w ith hig he r numbe rs of Pa m 21 2 cells and IFN-y-trea ted Pa m 
212 cell s is at leas t pa rtl y a ttributable to a mu ch larger a m o unt 
of pros tag landin E2 produ cti o n b y the m. 
K eratin ocytes express la anti gen s o n their sur face in m an y hu-
m a n skin disorde rs characte ri zed b y ly mphocy ti c e xocytosis into 
th e epide rmis 13] and in contact sens itivity reactions in mice [1 7,27J . 
Altho ug h co mpletc cla rifi ca tio n of the fun cti o n o f th ese la + ke-
r a tin ocy tes requires furth e r stud y , the resu lts of o ur presen t s tud y 
a t leas t su ggest that la+ keratinocy tes can s timu la te th e pro lif-
e r a tion o f infiltra tin g ly mphocy tes in thc skin , es pecia lly those in 
th e epide rmis, mu ch more effi cic ntl y th an la - keratinocy tes . 
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